Studies of transcriptional gene silencing in Drosophila melanogaster suggest that most of chromosome 4 resembles pericentric heterochromatin. However, some modifiers of position-effect variegation, including chromosome 4 dosage and loss of SU(VAR)3-9, have different effects on silencing in pericentric vs. distal arm chromosome 4 heterochromatin, distinguishing these two heterochromatin types.
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N Drosophila melanogaster, DNA packaged as heterochromatin is located around centromeres, at telomeres, and throughout the small fourth chromosome. The fourth is considered to be entirely heterochromatic by criteria including late replication and lack of recombination. However, the distal arm (1.2 Mb) forms a banded structure in polytene chromosomes and appears to have interspersed heterochromatic and euchromatic domains Sun et al. 2004; Riddle and Elgin 2006) . Pericentric, telomeric, and chromosome 4 domains all have the capacity to induce position-effect variegation (PEV), the transcriptional silencing of a reporter gene placed near heterochromatin. Stable heterochromatin formation requires products encoded by suppressors of variegation [Su(var) s]. In pericentric regions, antipodal dosage dependence is seen for HP1, HP2, SU(VAR)3-7, and SU(VAR)3-9 (a histone H3K9 methyltransferase, HMT), suggesting that these are core structural proteins of heterochromatin (Locke et al. 1988; Eissenberg et al. 1990; Reuter et al. 1990; Cleard et al. 1997; Shaffer et al. 2006) ; HP1 interacts directly with the other three and binds H3 dimethylated at lysine 9 (H3K9me2) as well (reviewed by Schotta et al. 2003; Stephens et al. 2005) . Telomere position effect (TPE) requires a distinct set of Mod(var)s and is generally unaffected by pericentric PEV modifiers (Wallrath and Elgin 1995; Cryderman et al. 1999; Boivin et al. 2003) . The pericentric heterochromatin and distal fourth show colocalization of HP1, HP2, SU(VAR)3-7, and H3K9me2, suggesting a shared composition (Cleard et al. 1997; Shaffer et al. 2002; Haynes et al. 2004) . Nonetheless, some differences have been observed.
While pericentric heterochromatin formation can spread hundreds of kilobases across rearrangement breakpoints (Zhimulev et al. 1988) , organization of heterochromatin within the distal fourth chromosome appears to be more restricted with distinct interspersed heterochromatic and euchromatic domains (Sun et al. 2000) . Heterochromatic silencing within the 200 kb surrounding variegating hsp70-white reporter 39C-12 appears to spread only 10 kb (Sun et al. 2004) . In larvae homozygous for the Su(var)3-9 06 null allele, H3K9me2 is dramatically reduced in pericentric regions, accompanied by loss of HP1, but the distal fourth arm appears unaffected (Schotta et al. 2002) , suggesting activity of a different HMT. To explore differences between pericentric and distal fourth chromosome heterochromatin, we have examined effects of fourth chromosome dosage and of specific Mod(var)s on silencing (PEV) in the two domains.
Chromosome 4 dosage specifically modifies PEV of chromosome 4 reporters: The amount of heterochromatin within the nucleus has an impact on PEV (Ashburner et al. 2004 ); additional heterochromatin is thought to increase competition for a fixed pool of heterochromatin components, destabilizing heterochromatic silencing at a variegating gene. Extra heterochromatic material introduced by a Y or attached X chromosome suppresses PEV of pericentric and chromosome 4 hsp70-white reporters (Wallrath and Elgin 1995) , indicating shared heterochromatin components.
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Here we use an attached fourth chromosome [C(4)RM] to manipulate dosage of the largely heterochromatic chromosome 4, analyzing PEV in haplo-, diplo-, and triplo-4 flies. Silencing of distal chromosome 4 reporters (39C-12, 39C-33, and 39C-42) is consistently enhanced in a haplo-4 background and greatly suppressed in a triplo-4 background ( Figure 1 ). In contrast, haplo-4 and triplo-4 genotypes have no statistically significant impact for characteristic pericentric reporters (118E-10 and 39C-3). To distinguish the dosage effect of the distal arm from that of pericentric fourth heterochromatin, we used terminal deletion D(4)B2-7AT, which eliminates most of the distal fourth, leaving the centromere region proximal to RpS3A intact (Sousa-Neves et al. 2005) . The impact of this deletion on PEV is similar to that seen in haplo-4 flies ( Figure 1) ; thus, the chromosome 4-specific Figure 1 .-Increased copies of chromosome 4 suppress PEV of chromosome 4 distal arm P-insert reporters. Variegating P[hsp26-plant, hsp70-white] reporters within the distal portion of chromosome 4 (39C-12, 39C-33, and 39C-42 at polytene divisions 102B, 102D, and 102F, respectively), pericentric heterochromatin (118E-10 and 39C-3, bases of chromosomes 4 and 2L, respectively), or telomeric heterochromatin (39C-27, chromosome 2) (described in Wallrath and Elgin 1995; Sun et al. 2000 Sun et al. , 2004 were introduced into backgrounds with varying chromosome 4 dosage. Quantitative measurements of eye pigment from the progeny shown in the photographs (same order from left to right) were carried out as described (Sun et al. 2004) . Bars indicate means of three to five samples (five adult males each) with the standard error shown as a vertical goalpost. Mean values that are significantly different from diplo-4 (P , 0.05) are highlighted in yellow. Enhancement of PEV in flies carrying distal fourth chromosome reporters in the presence of a distal chromosome 4 deletion demonstrates that the haplo-enhancer effect can be attributed to the banded distal portion of chromosome 4. Drosophila cultures were raised on cornmeal sucrose-based medium at 25°as described (Shaffer et al. 1994) . haplo-enhancer effect can be attributed to the banded distal portion of the fourth. The dosage effect of chromosome 4 suggests competition for a fixed pool of heterochromatin components specific to that domain. However, we cannot rule out the possibility of an effect from changes in a chromosome 4-specific modifier of PEV either on the fourth itself or elsewhere in the genome. Variegating reporters in distal chromosome 4 and pericentric regions respond differently to certain modifiers of PEV: Mod(var) mutations were used to investigate which components distinguish pericentric and distal fourth PEV. Recent studies suggest separable effects of SU(VAR)3-7 subdomains on PEV within different heterochromatic regions (Bushey and Locke 2004; Jaquet et al. 2006) . We find that mutations in both the C-terminal and Zn finger domains P43 and Su(var)3-7 P12 , respectively] greatly diminish silencing of pericentric and distal fourth chromosome P reporters (Figure 2) . Thus, SU(VAR)3-7 appears to be a common factor required for heterochromatin formation in both domains. Loss of histone variant H2Av [l(3)810] (van Daal and Elgin 1992) is reported to suppress PEV in In (1) wm4 , suggesting a critical role for H2Av in heterochromatin (Swaminathan et al. 2005) . The effect of l(3)810 varies at each insert we have tested (suppression, enhancement, or no significant alteration of PEV), suggesting that H2Av may contribute to locus-specific differences within pericentric and distal fourth domains (Figure 2) . While all reporters used here show loss of silencing with a loss of HP1 (Wallrath and Elgin 1995; Sun et al. 2000 ; E. Gracheva, unpublished observations), increased HP1 dosage [Dp(2;2)P90] shows locus-specific effects on distal fourth chromosome PEV. Surprisingly, PEV at insert 39C-12 is suppressed by an increase of HP1; previous studies have shown that variegation at 39C-12 is also suppressed by a loss of HP1 (Sun et al. 2000) . Increased quantities of HP1 might selectively reinforce robust heterochromatin formation at certain loci and effectively deprive other loci such as 39C-12 of heterochromatin-forming components. Su(var)3-9 06 is the only mutation observed that appears to distinguish pericentric and distal chromosome 4 heterochromatin domains consistently. Loss of SU(VAR)3-9 suppresses PEV at the pericentric reporters but fails to suppress PEV at the distal chromosome 4 reporters. Interestingly, PEV of two distal fourth reporters is [SU(VAR)3-9 null (Reuter et al. 1986) ]; 3, Dp(2;2)P90/CyO [two doses of HP1 (Wustmann et al. 1989 enhanced by the loss of SU(VAR)3-9. Since HP1 localization at pericentric heterochromatin is dependent upon SU(VAR)3-9 (Schotta et al. 2002) , loss of this protein destabilizes pericentric heterochromatin, likely liberating heterochromatic components, including HP1 and SU(VAR)3-7, possibly for assembly at certain chromosome 4 loci, enhancing silencing there. Spreading of heterochromatin in pericentric regions may rely upon the simultaneous recognition of H3K9me2 and recruitment of SU(VAR)3-9 methyltransferase by HP1 (reviewed by Elgin and Richards 2002) . Since distal fourth chromosome PEV, H3K9 dimethylation, and HP1 localization do not require SU(VAR)3-9, heterochromatin formation in this domain may require a different HMT and therefore utilize a profoundly different heterochromatin-spreading mechanism. The unidentified HMT might play a role in the observed chromosome 4-specific dosage effect. The distal arm of chromosome 4 thus represents a distinct compartment of heterochromatin.
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